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The Effects of Human-caused Disturbances on
Water Quality and the Capability of River
Ecosystems to Recover from Disturbances:
Using Benthic Macroinvertebrates as Indicators
of Water Quality
M.P. Miller
Department of Zoology, University of Wisconsin-Madison
Abstract
Degraded watersheds are considered a source of pollution input in rivers. The effects of human-caused
disturbances and the abilities of rivers to recover from disturbances were analyzed in three rivers in the
around the area of Monteverde, Costa Rica. This was done using benthic macroinvertebrate pollution
tolerance levels (FBI), turbidity levels, and macroinvertebrate diversity. Diversity was found to be lowest
in the disturbed sites of all three rivers (Modified T-test: 0.002 < p < 0.001). A pattern of maximum FBI
values and turbidity levels at disturbance sites was also found to exist; and Escherichia coli were present
at all sample sites in all rivers. The data from all rivers was combined for each site and regression
analyses were performed. This data suggests that human-caused disturbances will result in decreased
species diversity, increased FBI-values, and increased turbidity levels. The results also indicate that rivers
have the ability to recover from small-scale human disturbances. The findings of this study support the
idea that in order to maintain the diversity of both aquatic and terrestrial organisms as well as clean water
for human use, humans need to take into account the effects of their actions on river systems.

Resumen
Las cuencas degradadas son una fuente de contaminación en los ríos. Los efectos de las alteraciones
causadas por los seres humanos y las habilidades para la rehabilitación de tres ríos en Monteverde, Costa
Rica fueron analizados. Eso se hizo usando los niveles de tolerancia de contaminación de los
macroinvertebrados (FBI), niveles de turbidez y diversidad de macroinvertebrados. Diversidad fue mas
bajo en los terrenos alterados en cada uno de los tres ríos (Modify t-test: 0.002 < p < 0.001). Se encontro
niveles de FBI y turbidez máximos en los terrenos alterados; y Escherichia coli se presentó en todos los
terrenos en cada rio. Datos de todos los ríos fueron examinados en conjunto para cada terreno y se
hicieron análisis de regresión. Este dato indica que las alteraciones causadas por los seres humanos
reducen la diversidad y niveles de FBI y presentan una turbidez más alta. También, los resultados indican
que los ríos tienen la capacidad para recuperarse de las alteraciones pequeñas causadas por los seres
humanos. Las conclusiones de este estudio respalda la idea que los seres humanos necesitan pensar más
sobre los efectos de sus acciones en los ríos para mantener la diversidad de los organismos acuáticos y
terrestres y agua limpia para el uso de los seres humanos.

Introduction
In Costa Rica, High rates of Population growth combined with socioeconomic
development are putting a great deal of pressure on the country’s Freshwater resources
(Gamez 1988). Not only do humans depend on rivers to provide freshwater, but other
terrestrial and aquatic organisms depend on rivers as well. One important factor in
determining water quality is watershed area. Degraded watersheds may be considered a
source of pollution input in rivers due to their inability to control erosion and to purify
water. Whitmore (1997) estimates that the loss of natural tropical forests during the ten
year period between 1981 and 1990 was 154 million ha. The presence of intact forest is
especially important to river health in tropical areas. These forests maintain high water
quality by absorbing the large amounts of rainfall that fall in the tropics. In turn, this
“sponge effect” provides clean water to the rapidly growing human population and the
multitudes of other species that depend on these aquatic systems (Myers 1997; Walsh
1998). Given the alarming rate of deforestation cited by Whitmore (1997), one can’t help
but wonder what effects human-caused disturbances have on aquatic ecosystems, and
more importantly, if these systems are capable of recovering from disturbance.
The purpose of this study is to measure the effects of human-caused disturbance
on river ecosystems and the capability of these systems to recover from disturbance. This
was done by using benthic macroinvertebrates as an indicator of stream health. Using
living organisms to assess water quality gives not only an indication of current
conditions, as would a physiochemical assessment, but gives an indicator of past
conditions as well (Hauer and Lamberti 1996). Whittaker (1975) has shown that
environmental stress, such as high rates of erosion, will result in a reduction of species
diversity in local communities. High rates of erosion also result in increased sediment
load and turbidity. In this study, macroinvertebrate diversity, pollution tolerance levels,
and turbidity were used as measures of water quality.
It is expected that when compared with disturbed areas, sections of rivers
surrounded by intact forest will harbor higher species diversity of benthic
macroinvertebrates, lower turbidity, an absence of Escherichia coli, and lower Family
Biotic Index Values (e.g. the presence of pollution-intolerant macroinvertebrate families’
results in a low FBI-value for that community). It is also expected that forested river sites
downstream from disturbed sites will have intermediate levels of diversity, no E. coli, and
intermediate FBI and turbidity values.

Materials and Methods
This study was conducted from October 25th to November 7th 2000 on three rivers in and
around Monteverde, Costa Rica. The San Luis River is located in a premontane moist
forest life zone in the San Luis Valley; while the Guacimal River and the Quebrada
Máquina are located in a premontane wet forest life zone in Monteverde (Haber et al.
2000). Each river begins in a large area of protected forest, runs through an area of

human-caused disturbance, and re-enters a forested landscape approximately 100 meters
downstream from the disturbance sites. The disturbance site chosen for the San Luis
River is a stretch of river that runs next to a gravel road near the Beneficio San Luis
(coffee processing plant). The Guacimal disturbance site is located near a road crossing
downstream from the Monteverde Cheese Factory. Finally, the Quebrada Máquina
disturbance site is located near a road crossing downstream from La Cascada Discoteca.
Macroinvertebrate, turbidity, and E. coli samples were collected three times at
each forested site (i.e. upstream from the disturbance sites), disturbance site, and recover
site on each river. Each sample site was located in an area of approximately equal stream
widths and flow rates. Turbidity readings were taken at each site and recorded in Jackson
Turbidity Units (JTU’s). The presence of E. coli was either confirmed or denied using the
standard coliform bacteria method provided by Lamotte. Macroinvertebrates were
collected by disturbing the riverbed with my feet for two minutes, and gathering benthic
macroinvertebrates in a kicknet. The organisms were then preserved in a 70% ethanol
solution (Hauer and Lamberti 1996).
Once collected, samples of macroinvertebrates were taken back to the lab and
identified to the family level using a taxonomic key contained in Throp and Covich
(1991). Species diversity and pollution tolerance levels were used as measures of water
quality. Species diversity was calculated using a Shannon-Weiner diversity index. FBIvalues were calculated using the families of macroinvertebrates that had recorded
pollution tolerance values presented in Hauer and Lamberti (1996) (i.e. certain families
do not have pollution tolerance values). With respect to both species diversity and FBIvalues, forest-disturbance, forest-recover, and disturbance-recover comparisons were
made using a modified T-test (Zar 1984; Hauer and Lamberti 1996). Diversity-FBI-value
comparisons, turbidity – FBI-value comparisons, and turbidity-diversity comparisons
were made using linear regression analysis.

Results
Diversity values were lowest at disturbance sites; while forest and recover sites showed
greater values (Fig. 1). The differences between all sites were found to be significant in
all three possible site comparisons (Modified T-test: Forest-Disturbance T= 8.84 (p <
.001), Forest-Recover T = 5.34 (p < .001), and Disturbance-Recover T = 3.23 (.002 > p >
.001)). FBI-values were highest at the disturbance sites in all three rivers; and values at
recover sites were similar to those at forested sites (Fig. 2). However, the differences
between each site were not found to be significant in any of the three possible site
comparisons (Modified T-test: p> .05). Turbidity values at all three sites consistently
showed highest turbidity at disturbance sites, intermediate values of turbidity at recover
sites, and lowest turbidity at forested sites (Fig. 3). At all three sample sites on all rivers,
E. coli was found to be present each time the rivers were sampled. Given that this test
could only confirm or deny the presence of E. coli no quantitative data is available. Thus,
this element was excluded from further analysis.

Comparisons of FBI-values and diversity values at all forested sites combined, all
disturbance sites combined, and at all recover sites combined showed negative
relationships (Figs. 4, 5, and 6). Forested sites showed the strongest relationship (R² =
0.3057, m = -3.203); while disturbance and recover sites showed similar but weaker
relationships (R² = 0.0222, m = -0.7917 and R² = 0.1492, m = -1.1204 respectively). The
comparisons of turbidity and FBI-values at all forested sites combined, all disturbance
sites combined, and at all recover sites combined showed positive relationships (Figs. 7,
8, and 9). Forested sites showed the strongest relationship (R² = 0.3231, m = 0.0751),
disturbance and recover sites showed similar but weaker relationships once again showed
(R² = 0.2609, m = 0.0397 and R² = 0.4187, m = 0.0483 respectively). Finally,
comparisons of turbidity and diversity values at all forested sites combined, all
disturbance sites combined, and at all recover sites combined showed negative
relationships (Figs. 10, 11, and 12). Disturbance sites showed the weakest relationship
(R² = 0.0226, m = 0.0022), while forested and recover sites showed stronger and similar
relationships (R² = 0.4488, m = -0.0153 and R² = 0.4301, m = -0.0169).

Discussion
A decrease in diversity at all disturbance sites corresponds with high FBI-values and high
levels of turbidity. The high FBI-values at the disturbance sites indicate that these sites
have lower water quality than do the forest or recover sites. The fact that at all three sites
FBI- values increased with increasing turbidity values suggests that increasing turbidity
due to high rates of erosion results in decreased water quality. Thereby supporting the
ideas of Myers (1997) and Walsh (1998) that erosion is a main factor causing decreased
water quality at disturbed sites. The low levels of diversity at all disturbance sites support
the idea that human-caused disturbances will decrease species diversity.
Recover sites having intermediate FBI-values as well as intermediate levels of
diversity and turbidity were not supported with respect to all variables (Fig. 1-3). With
respect to turbidity, recover sites did demonstrate intermediate levels. In the instances
where diversity and FBI-values were not intermediary at recover sites they were very
similar to the respective levels at the forest sites. FBI-values at recover sites were always
lower than at disturbance sites, indicating higher water quality. On the other hand,
diversity levels at recover sites were higher than at all disturbance sites. These results
suggest that rivers have the ability to recover from small scale human disturbances.
The fact that there is a negative relationship between FBI-values and diversity
levels when data from all rivers are combined for each site further supports the idea that
decreasing water quality results in lower levels of diversity (Figs. 4-6). The positive
relationships between turbidity levels and FBI-values when all data are combined for
each site suggests that turbidity is a major factor in changing the community composition
of benthic macroinvertebrates (Figs. 7-9). The composition is changed in such a way that
pollution-intolerant families reside in areas of high turbidity. Further support of
decreasing water quality resulting in decreased diversity is shown by the negative

relationship between turbidity and diversity levels when data from all rivers are combined
for each site (Figs. 10-12).
The weak relationships at the disturbance sites in all three comparisons in
conjunction with the above evidence that high turbidity and FBI-values result in low
diversity may be explained by pollutants other than increased turbidity caused by erosion
polluting the rivers. The results of Anderson (1996) and Gulizia (1996) suggest that water
quality in rivers in and around Monteverde is decreased by large inputs of grey water and
other pollutants entering aquatic ecosystems near roadways. Another possible explanation
for the weak relationship at the disturbance sites in the FBI-turbidity comparison is that
not all families have pollution tolerance values (Table 1). This may have affected the FBI
– values calculated for those sites where families without pollution tolerance values were
found. It is also possible that the strength of the above relationships with respect to FBIvalue comparisons may have been affected by the fact that some families may be better
indicators of pollution levels at a given site than other families. It would be interesting to
obtain relative accuracy’s of different families to indicate water quality at a given site.
The fact that E. coli was found at all sites may be a result of cattle being allowed
to enter protected areas of forest and too many people entering these forests and polluting
the rivers in one way or another. There were multiple times when cattle were seen
grazing in and around the forest site in the San Luis River. The presence of E. coli in
rivers in protected watersheds should be a warning to local residents and those concerned
with river health that water quality is being depleted not only in disturbed areas, but in
protected areas as well. The findings of this study suggest that humans need to consider
the effects of their actions on river systems. Not only do the benthic macroinvertebrates
analyzed in this study depend on high water quality, but other aquatic organisms,
terrestrial non-human organisms, and humans depend on clean rivers as well. In
indicating the ability of rivers to recover from disturbance, the results of this study give
us a hope that nature will be able to heal itself. However, this will not happen unless we
designate areas of watershed to be protected from destructive human use.
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Table 1. Abundance of Individuals in each family found in each river at all thress sites on all three
sample dates. Those families in italics so not have pollution tolerance values.
Family
Coleoptera Amphizoidae
Coleoptera Curculionidae
Coleoptera Dryopidae
Coleoptera Gyrinidae
Coleoptera Haliplidae

San Luis
2
4
0
2
0

Guacimal
4
1
3
0
11

Máquina
0
5
0
6
1

Diptera Psychodidae
Diptera Simuliidae
Diptera Tipulidae

0
1
0

7
33
6

0
15
5

Ephemeroptera Baetiscidae
Ephemeroptera Caenidae
Ephemeroptera Ephemerellidae
Ephemeroptera Ephemeridae
Ephemeroptera Palingeniidae
Ephemeroptera Polymitarcyidae
Ephemeroptera Potomanthidae

47
0
3
6
5
9
5

8
8
0
0
0
0
0

37
7
0
0
0
0
0

Megaloptera Corydalidae

3

0

0

Odonata Aeshnidae
Odonata Calopterygidae
Odonata Coenagrionidae
Odonata Cordulegastridae
Odonata Corduliidae
Odonata Gomphidae
Odonata Gyriidae
Odonata Lestidae
Odonata Macromiidae
Odonata Protoncuridae

2
1
3
3
2
0
0
1
11
3

0
0
6
1
0
0
0
0
0
1

0
7
0
0
0
6
7
0
0
7

Plecoptera Peltoperlidae
Plecoptera Perlidae
Plecoptera Perlodidae
Plecoptera Pteronarcydae
Plecoptera Taeniopterygidae

37
2
8
8
0

5
0
6
0
0

9
1
0
0
1

Trichoptera Economidae
Trichoptera Helicopsychidae
Trichoptera Hydropsychidae
Trichoptera Hydroptilidae
Trichoptera Lepidosromatidae
Trichoptera Phrygancidae

1
0
15
0
4
0

0
6
7
6
0
0

0
0
24
0
0
4

